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Abstract 
Recent research has emphasized a new dimension of driver stress, the concern of getting 
stranded with an electric vehicle due to a depleted battery, referred to as range stress. 
One promising solution is seen in the appropriate provision of relevant information 
through in-vehicle information systems. We aim to investigate how individuals perceive 
the interaction of these systems with a particular focus on range stress. Thus, we 
employed an experimental research design in real traffic situations consisting of 70 
participants. We put participants in a critical range situation and showed that the 
provision of volatile and too much range-related information leads to increased range 
stress perception, and hence, negatively affects the willingness to use electric vehicles. 
This research contributes to the existing body of knowledge, as it points to the 
importance of accounting for potential dysfunctional consequences of increased use of 
information systems. 
Keywords:  Range Stress, Range Anxiety, Electric Vehicles, Electric Mobility, In-Vehicle 
Information Systems 
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Introduction 
Mobility and accessibility are an indispensable part of an individual’s independence, well-being and 
quality of life. However, despite the comfort of being autonomous with a vehicle, the driving process 
constitutes a potential source of frustration, irritation, and psychological stress (Hennessy and Wiesenthal 
1999). According to Gulian et al. (1989), driver stress is defined as a “set of responses associated with the 
perception and evaluation of driving as being demanding or dangerous relative to the individual's 
driving capabilities.” The authors base their definition of driver stress on the popular transaction-based 
stress model of Lazarus and Folkman (1984) that conceptualize stress as an imbalance between the 
individual and environment that endangers the individual’s well-being. Driver stress can cause a variety of 
physiological and mental health problems, such as depression, sleeplessness, burnout, or heart disease 
(Avey et al. 2003; Novaco et al. 1979; Marin et al. 2011; Richardson et al. 2012). Moreover, driver stress 
has been found to be a key factor in the increased risk of accidents (Matthews et al. 1998). Such road 
traffic accidents are globally considered to be the fifth leading cause of death by 2030 (WHO 2008). 
Research has emphasized a variety of dimensions that trigger the stress process while driving. In that 
regard, Gulian et al. (1989) refer to the dimensions of driver aggression as a result of being hindered by 
other traffic; irritation and frustration that is connected with the overtaking process; general dislike of 
driving; and an increased alertness with respect to permanently monitor others’ traffic behavior.  
Recent research has also emphasized a new dimension of driver stress that is particularly observed in 
drivers of electric vehicles (EVs), referred to as range stress (Rauh et al. 2014). According to Tate et al. 
(2008), range stress is defined as the “continual concern and fear of becoming stranded with a 
discharged battery in a limited range.” This concern mainly originates from the limited range of EVs of 
approximately 150 kilometers, and the underdeveloped charging infrastructure (Eisel and Schmidt 2014). 
Research and practice have suggested several strategies to overcome this type of stress, such as increasing 
the number of charging stations or advances in battery technology (Chen et al. 2015; Nilsson 2011).  
However, the hotly debated topic of range stress also features increasingly prominent information 
systems (IS) research. It has been suggested that appropriate in-vehicle IS can be useful to overcome 
range-related concerns (e.g., Eisel and Schmidt 2014; Nastjuk and Kolbe 2015). Zhang et al. (2012) 
present an estimation method to calculate better the remaining range considering various factors, such as 
road network topology, acceleration and deceleration, wind speed or driving style. Ferreira et al. (2011) 
introduce a conceptual model for an IS that supports drivers of EVs through the continuous control of the 
range and by presenting in time information about charging stations within reach. Based on the results of 
a driving simulator experiment, Stroemberg et al. (2011) discuss the influence of two different concepts of 
in-vehicle IS (innovative versus traditional), concluding that the information cluster in EVs needs to be 
refined. Jung et al. (2015) suggest that an ambiguous range display maintains the driver’s trust toward an 
EV, thus increasing the ability to adapt to remaining range conditions. Moreover, Eisel et al. (2014) 
determined in a mental simulation experiment that the general provision of range-related information is 
suitable to mitigate range stress. 
In summary, previous research has mainly focused on the improvement of range prediction accuracy, 
psychological perceptions of range display, the general provision of information to reduce range-related 
concerns, and the design of certain in-vehicle IS. However, despite the considerable advances in this field, 
the influence of comprehensive in-vehicle IS on range stress perception in real-world driving tasks, to the 
best of our knowledge, has not been investigated. There is, therefore, a research gap on the effect of in-
vehicle IS on range stress perception. In that regard, Eisel and Schmidt (2014) specify vehicle monitoring 
systems and geo IS and navigation systems as main categories of in-vehicle IS in EVs as being suitable to 
mitigate range stress. While the category of geo IS encompasses systems that inform the driver about road 
conditions (e.g., traffic), the category of vehicle monitoring includes systems that aim to provide the driver 
with all relevant information about the status of the vehicle (e.g., remaining range). We aim to investigate 
the impact of both categories on psychological range stress while also exploring how the in-vehicle IS 
influenced range stress impacts human behavioral tendencies. Therefore, we elaborate on the following 
research question: 
RQ:  How do in-vehicle information systems within the two categories (1) vehicle monitoring 
and (2) geo IS and navigation influence range-related stress perception and thus the 
attitude toward driving an electric vehicle? 
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To approach the research question, we developed a comprehensive research model based on the well-
known transactional stress model of Lazarus and Folkman (1984). Furthermore, we relate this model to 
the attitude toward performing a specific behavior (Ajzen 1991). To evaluate the research model, we 
conducted experiments in real traffic situations, putting 70 participants in the mindset of EV users. We 
determined that participants perceived less range stress when provided separately with in-vehicle IS in 
the category vehicle monitoring and geo IS and navigation compared to the provision of in-vehicle IS of 
both categories at the same time. Moreover, the results indicate that the range gauge leads to a higher 
perception of range stress. Finally, range stress is negatively associated with the willingness to use EVs.  
Theoretical Background and Related Work 
The Concept of Stress 
The complexity und multidimensionality of the stress concept makes a general and uniform definition 
difficult and, therefore, should depend on the particular research context (Lazarus 1990; Levine und 
Scotch 2013). The three main intertwined perspectives that evolved in the history of stress research all 
emphasize different stress aspects (Bartlett 1998; Hobfoll 1989; Levine 2005; Cohen et al. 1997).  
The biological (response) perspective focuses on the organisms’ physiological responses to stressful events 
from the environment (Cohen et al. 1997). In this context, Selye (1976) defines stress as “the state 
manifested by a specific syndrome which consists of all the nonspecifically-induced changes within a 
biologic system.” The stereotypical response pattern, called the general adaption syndrome, follows three 
stages: the alarm reaction, the stage of resistance, and the stage of exhaustion (Selye 1950).  
Second, stimulus-based definitions of stress point out the relevance of certain stimuli (stressors) which 
lead to stress reactions (Bartlett 1998). Researchers suggest different types of stressors, for example, daily 
hassles (e.g., paper submission deadlines), ambient stressors (global, chronic stressors such as 
community noise), stressful life events (e.g., divorces, sudden unemployment), or cataclysmic events such 
as earthquakes or storms (e.g., Baum et al. 1981; Campbell 1983; Lazarus and Cohen 1977).  
Finally, within the transaction-based approach, stress is defined as a relationship between an individual 
and the environment (McGrath 1976; Cooper et al. 2001). One of the most influential models of the 
transaction-based approach, introduced by Lazarus and Folkman (1984), is referred to as the 
transactional stress model. In this model, individuals perceive stress when there is an imbalance between 
demands from the environment and personal coping resources – specifically, when the demand exceeds 
the individual capabilities and resources to cope with. The stress process is characterized by the 
interaction of two main cognitive appraisal processes: primary appraisal and secondary appraisal 
(Lazarus 1966; Lazarus and Folkman 1984).  
Within the primary appraisal, individuals interpret the environmental demand for their well-being as 
either benign-positive, stressful or irrelevant. The differentiation between positive, irrelevant and stressful 
events is important since only stressful events trigger the stress process. According to Lazarus and 
Folkman (1987), stressful events are of three types: harm (already experienced loss, e.g., divorce); threat 
(harm that is anticipated, e.g., anticipated illness); and challenge (anticipated demanding situation that is 
perceived as manageable when mobilizing personal resources, e.g., imminent examination).  
Contemporaneously with the primary appraisal process, individuals evaluate within the secondary 
appraisal process the resources for coping with stressful appraised events (Lazarus 1990; Lazarus and 
Folkman 1984). In that regard, the individual assesses the likelihood that a given coping option will help 
to overcome the stressful situation and that s/he will be able to effectively apply the coping option 
(Lazarus and Folkman 1984). These expectancies are referred to as outcome expectation and efficacy 
expectation. The former describes the conviction that the behavior will lead to an intended outcome. 
Efficacy expectation refers to the individuals’ conviction about the ability to perform the behavior 
(Bandura 1977). Stress emerges when the personal resources (secondary appraisal) are perceived to be 
insufficient to overcome a stressful appraised event (primary appraisal). In such a troubled person-
environment relationship, individuals use cognitive and behavioral efforts to handle the demands that are 
appraised as stressful. These coping strategies aim to master, reduce or tolerate the stressed feeling by 
managing distressing emotions or changing the situation that causes stress (Folkman and Lazarus 1985; 
Folkman et al. 1986).  
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Range Stress in Electric Vehicles 
Although the range of EVs seems to be sufficient for most people’s daily needs, it still constitutes one of 
the most barriers in the adoption decision (Egbue and Long 2012; Neumann et al. 2010; Pearre et al. 
2011). The term range anxiety first appeared in the end of 90s and describes EV users’ concerns that they 
might not reach planned destinations due to a discharged battery (Nilsson 2011; Tate et al. 2008).  
Furthermore, it results from concern about the charging time and the sparsely available charging 
infrastructure (Philip and Wiederer 2010; Wynn and Lafleur 2009). In comparison to conventional 
vehicles, the limited range of EVs constitutes a loss of flexibility requiring drivers to charge several times 
during trips that exceed the capacity of the battery.  
Nilsson (2011) has classified the symptoms of range anxiety into four areas. On a behavioral level, range 
anxiety is characterized by re-planning activities or avoidance of usage. A study by Carroll and Walsh 
(2010) shows that users were overly cautious when planning a journey, and adapted their driving style 
when the state of charge reduced below 50%. Furthermore, Franke et al. (2012a) explain that dealing with 
the limited range of EVs is characterized by actively avoiding critical range situations, reserving a 
substantial safety buffer. On an emotional level range anxiety is expressed by changes in the affective 
state, like concerns, worries or even a fear of not reaching a planned destination. A recent study of Rauh et 
al. (2014) revealed that experienced drivers of EVs experience less emotional concerns inexperienced 
drivers. On a physiological level range anxiety is shown by increased heart rate or sweaty palms. Nilsson 
(2011) emphasizes that this level has not been confirmed in empirical studies and more research is 
needed. Finally, within the cognitive level, range anxiety is associated to negative cognitions regarding the 
range and is expressed more by a concern rather than anxiety or fear (Rauh et al. 2014). Following this 
conceptualization, many authors define range anxiety as a certain type of stress (range stress) that is 
triggered by an individual inability – due to insufficient mobility resources available – to meet specific 
mobility needs, for example, a timely and relaxed arrival to the target destination (Eisel et al. 2014; 
Franke et al. 2012a; Franke and Krems 2013; Nastjuk and Kolbe 2015; Rauh et al. 2014). 
Recent research discusses several approaches to counteract this type of stress.  Chen et al. (2015) suggest 
increasing the number of charging stations to mitigate range-related concerns. Advances in battery 
technology are regarded as crucial for increasing the range and, hence, reducing the fear of becoming 
stranded due to a depleted battery (Nilsson 2011; Nykvist and Nilsson 2015). According to Franke et al. 
(2015), certain strategies aimed at increasing knowledge about EVs and the related in-vehicle systems, 
route familiarity, or trust in the range estimation system are useful in reducing range stress. Dellnitz et al. 
(2014) designed an intelligent cruise control to improve the drivetrain power uptake by considering 
topographical information, thus aiming to increase the energy efficiency in EVs. Eisel et al. (2014) show in 
a mental simulation experiment, that the deployment of IS – more specifically, the provision of relevant 
information about range, energy consumption, or charging locations — are suitable to mitigate the fear of 
being stranded with a depleted EV battery. Furthermore, Nastjuk and Kolbe (2015) demonstrate that 
supportive in-vehicle IS can contribute to reducing perceived range stress, but can also lead to stress 
reactions (technostress). Lundstroem and Bogdan (2012) suggest reshaping the in-vehicle IS based on 
coping strategies of experienced users to ease range stress. In that regard, Stroemberg et al. (2011) 
emphasize that the way in which the information is presented in EVs (traditional vs. innovative display) 
and the type of information are important, as both influence the driver’s perception of the system. 
In-Vehicle Information Systems 
The car of today has numerous in-vehicle IS with the main purpose of providing different information and 
functionalities to the driver, including collision warning, vehicle conditions, traffic and weather updates 
and certain entertainment services (Pauzié and Manzano 2007; Cao et al. 2010). Due to the variety of 
functionalities provided by in-vehicle IS, Brandt (2013) suggests four different in-vehicle categories.  
First, safety and collision avoidance systems are constructed to ensure the safety of the driver, passengers 
and people outside the vehicle while simultaneously preserving the unique driving experience. Kantowitz 
and Moyer (1999) list, for example, vehicle location systems, lane departure warning systems or automatic 
cruise control for systems that support safety for people inside or outside the car. Furthermore, Lee et al. 
(1999) refer to in-vehicle safety advisory and warning systems that caution the driver of unsafe conditions 
on the roadway ahead, such as accidents or construction zones.  
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Second, the category geo IS and navigation encompasses all systems that provide information about road 
conditions and current traffic. TRANSIT was in the 60s the first U.S. space-based radio navigation 
satellite navigation system in the world, forming the basis for the later development of GPS (Lachow 
1995). Typical systems within this category are navigation systems that provide supportive information 
about route planning or traffic situation. In-vehicle signing systems support the driver in navigation by 
transmitting information that is depicted on external roadway signs (Lee et al. 1999).  
Third, vehicle monitoring systems encompass technologies that monitor certain functionalities of the 
vehicle and measure indicators during the process of driving. The range gauge represents a typical device 
within the category of monitoring systems (Brandt 2013). Finally, all IS that actively communicate with 
the driver and provide entertainment features are summarized under the category of convenience, 
communication, and entertainment systems. With the first installed automobile radio in a 1919 custom 
Cunningham town car, and moreover with the first developed mass production car radio in 1930 by the 
Galvin Manufacturing Corporation, the era of the automobile as a platform for entertainment had begun 
(King and Lyytinen 2005). However, besides the radio, further systems such as car-phone, DVD, 
television, and Bluetooth may make traveling more enjoyable.  
The development of in-vehicle IS is continuously evolving. Currently, vehicles employ a number of 
different sensors that provide the backbone for all next-generation automobile applications, such as 
vehicle-to-vehicle or vehicle-to-infrastructure communication (Tuohy et al. 2015). Intelligent transport 
systems use sophisticated road and telecommunication infrastructure to optimize the communication 
between vehicles and infrastructure and, hence, deliver immense benefits regarding efficient traffic flow, 
reduced road accidents, and increased sustainability (Nkoro and Vershinin 2014). However, recent 
research has also emphasized possible risks when a vehicle is connected to an external network, more 
specifically, vehicle information security and, therefore, the safety of the vehicle may be threatened 
(Yoshikawa et al. 2015).  
Research Model and Hypotheses Development 
Stemming from the well-established transaction-based stress model of Lazarus and Folkman (1984), we 
derived a comprehensive research model to explore the impact of two in-vehicle IS categories on the 
respective sub-dimensions of stress and thus on the attitude toward using an EV. The research model is 
schematically illustrated in the following Figure 1. 
 
 
Figure 1.  Path Coefficients of the Structural Model 
Previous research suggests the in-vehicle IS categories vehicle monitoring and geo IS and navigation as 
being suitable for overcoming the fear of becoming stranded due to a depleted battery (Eisel and Schmidt 
2014; Nastjuk and Kolbe 2015). According to Brandt (2013), the category of geo IS and navigation 
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encompasses systems that provide the driver with all relevant information on the trip, e.g., the navigation 
system including displayed locations of charging stations. In contrast, the category of vehicle monitoring 
includes IS that focus on information about the status of the vehicle. Within this category, the range gauge 
is considered to be of high importance, particularly with a focus on the limited range in EVs (Stroemberg 
et al. 2011).  
Within the primary appraisal process, individuals evaluate a stressful event as challenging or threatening 
(we neglect the harm appraisal because it refers to previously experienced loss). In that regard, while 
challenge appraisals refer to anticipated demands that individuals perceive as manageable when 
effectively mobilizing coping resources, threat appraisals evolve from anticipated harm. We assume that 
drivers perceive the critical range situation as more threatening and challenging when providing in-
vehicle IS of the category vehicle monitoring instead of the category geo IS.  
According to Jerusalem and Schwarzer (1992), the psychological appraisal of an event as threatening or 
challenging is strongly influenced by the information available about a situation and the degree of 
uncertainty. Generally, uncertainty can be characterized by a lack of clarity of information and by the 
inability to exactly assign probabilities to environmental occurrences (Duncan 1972; Lawrence and Lorsch 
1976). The range gauge in EVs is considered to be a critical resource of information to assess the driving 
range of EVs (Wellings et al. 2011).  
Nilsson (2011) notes that the accurate and transparent provision of range-related information is crucial 
for EV users in order to appropriately set the driver’s expectation. Franke et al. (2012a) conclude that 
reliable information about the range may even be more important for EV users than simply enhancing the 
maximal range.  
However, range gauges in EVs appear to be precise, but, in fact, are merely unprecise estimates (Jung et 
al. 2015). The high variation is caused by, for example, the driving style and external or internal 
conditions that are not considered in most range displays of current EVs, such as elevation profile, 
outdoor temperature or use of the vehicle’s climate control unit (Pichler and Riener 2015). The 
fluctuations in the remaining range are often not understood by the driver and thus may lead to a loss of 
trust in the system, and, moreover, may even provoke frustration and stress in the driver (Lundstroem 
2014; Wellings et al. 2011).  
As the monitoring systems, especially the range gauge, permanently provide the range-related 
information to the driver, we assume that the driver is constantly reminded of the critical range situation. 
Moreover, due to the volatility of such displays, we argue that the driver’s uncertainty about reaching the 
final destination is enforced and, therefore, a higher threat or challenge occurs. According to Nastjuk and 
Kolbe (2015), threat or challenge appraisals in critical range situations occur due to an individual’s 
inability to estimate whether s/he can reach the final destination. This kind of uncertainty is enforced, 
e.g., by anticipated harm due to a missed appointment or the fear of getting stranded in an unfavorable 
situation, such as at night on an empty road.  
In contrast, the category of geo IS typically encompasses systems that provide the driver with information 
about planned trips and support the driver in reaching them, such as the navigation device (Brandt 2013). 
According to Eisel et al. (2014), navigation systems help EV drivers reach the planned destination and 
thus create a less challenging and threatening situation for the driver. Nilsson (2011) emphasizes that the 
confidence in EV drivers increases with more symbols indicating locations of charging points. As these 
systems do not highlight the permanent remaining range, we assume that the driver is not constantly 
reminded to the critical range situation and thus perceives less uncertainty. Accordingly, we summarize 
our assumptions in the following hypotheses: 
H1+:  Individuals perceive the critical range situation as more threatening when provided with 
 systems of the category vehicle monitoring instead of the category of geo IS and navigation.  
H2+:  Individuals perceive the critical range situation as more challenging when provided with 
 systems of the category vehicle monitoring instead of the category of geo IS and navigation.  
Contemporaneously with the primary appraisal process, individuals assess their personal coping 
resources for managing stressful demands in the secondary appraisal process. According to Thoits (1995), 
two main psychological resources are considered by the individual: self-esteem and locus of control. While 
self-esteem is closely linked to the self-concept of own abilities that reflects the individual’s perceived 
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ability to handle a specific situation (Campbell 1990; Crocker and Major 1998; Stein 1995), locus of 
control is defined by the individuals perceived degree of being in control over a situation (Rotter 1966).  
The self-concept is strongly shaped by the perception of situational factors (Fisher 1996; Nastjuk and 
Kolbe 2015). Moreover, the self-concept remains unstable in information-rich and uncertain 
environments and is strengthened in situations in which information consistency dominates (Kienhues 
and Bromme 2011). Uncertainty can threaten the individual’s general sense of coherence, and also poses a 
risk to one’s self-concept (Antonovsky 1990; Babrow et al. 2000). The degree of uncertainty associated 
with a task is predominantly determined by the complexity that a task involves, the task dynamic, and the 
heterogeneity of the environment (Rabbie and Lodewijkx 1996). Especially new information that 
contradicts current beliefs may lead to a reappraisal of the situation, thus creating a higher state of 
uncertainty and a potential loss of belief in one’s own abilities (Brashers 2001; Kruglanski 1989). In a 
cross-border context, the volatility of the displayed range-related information creates an uncertain 
environment for the driver and thus constitutes a potential threat to one’s self-concept.  
Moreover, we assume that monitoring systems within EVs also weaken the perception of being in control 
of a situation. Generally, the driving task itself is considered to be complex and challenging, as the driver 
is confronted with uncertainty due to permanently unexpected environmental demands, such as a sudden 
traffic jam (Osswald et al. 2012). These unpredictable changes make it nearly impossible to estimate the 
actual remaining range of the EV. In addition to this uncertainty in the driving environment, the 
fluctuation of the displayed range gauge constitutes an ambiguous situation for the driver and, therefore, 
empowers the awareness of the critical range situation. Lazarus and Folkman (1984) state that the 
perception of uncertainty generally increases with a higher awareness of an ambiguous situation. Such 
perception influences the expectancy of being in control over a situation (Penrod 2001).  
Following the same line of argumentation as for the primary appraisal, we assume that individuals are not 
permanently reminded of the critical range situation when they are only provided with systems of the 
category of geo IS and navigation. Thus, the awareness of the potential risk for becoming stranded is 
considerably lower. Modern navigation devices also consider unexpected changes in the traffic (such as a 
sudden traffic jams) and suggest alternative routes to the final destination. Moreover, these systems warn 
the driver if the planned destination is not reachable with the remaining battery capacity (Eisel et al. 
2014). We, therefore, assume that such features create a more plannable and controlled situation to the 
driver, thus enhancing the self-concept and the perception of being in control of the situation. Following 
this logic, we establish our assumptions regarding the secondary appraisal process in the following 
manner:  
H3-:  Individuals perceive themselves to be less self-confident in handling the critical range situation 
 when provided with systems of the category vehicle monitoring instead of the category of geo IS 
 and navigation. 
H4-:  Individuals perceive themselves to be less in control over the critical range situation when 
 provided with systems of the category vehicle monitoring instead of the category of geo IS and 
 navigation.   
Finally, we posit that range stress negatively affects one’s attitude toward using an EV. The individual's 
cognitive appraisal of a stressful situation is a determining factor of the attitude construct (Pearson and 
Thackray 1970). The attitude construct reflects, in general, the individual overall evaluation of performing 
a specific behavior, encompassing conative, cognitive and affective factors (Ajzen 2005; Ostrom 1969). 
While the conative dimension captures the tendency to perform a behavior, the cognitive component 
encompasses knowledge about the behavior. However, the affective component takes on an important 
role in our study, as it captures the individual’s emotions and feelings. According to Lazarus (1993; 2006), 
stress arises from negative emotions, such as anger or fear, and, moreover, can be considered as a subset 
of emotions. Therefore, we assume that the critical range situation is associated with a certain degree of 
negative emotions, thus unfavorably influencing one’s attitude toward using the vehicle.  
Previous research has given us indications of this relationship. Eisel et al. (2014), for example, show in a 
mental simulation experiment that the concern of becoming stranded with an EV is perceived as an 
acceptance inhibitor of EVs. Djamasbi et al. (2009) found in a study about health care IS a negative 
relationship between adverse emotional response and user attitude. Furthermore, Nastjuk and Kolbe 
(2015) revealed a significant negative relationship between stress that results from interaction with IS and 
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the acceptance toward these systems. Kulviwat et al. (2007) explain with their consumer acceptance of 
technology model that emotional response constitutes a crucial part in explaining the acceptance of 
consumer goods. We summarize our assumptions in the following hypothesis:  
H5-:  Range stress negatively influences the attitude toward using an electric vehicle.  
We include technical affinity and system experience (in terms of experience with EVs and the information 
devices within the vehicles) within our research model because previous research emphasizes the 
importance of these aspects when assessing the attitude toward using an EV (Eisel et al. 2014; Nilsson 
2011; Franke et al. 2012b; Nastjuk and Kolbe 2015; Rauh et al. 2014).  
Research Methodology 
We performed field experiments (between-subjects design) in real traffic situations with participants 
driving an EV (Volkswagen e-up!). The EV was equipped with an electromotor of 60kW maximum engine 
power that enables a maximum range of 130km and a maximum speed of 130Km/h (Volkswagen 2016). 
As part of the experiment, we developed two scenarios in which participants had to drive a predefined 
route of 93 kilometers, encompassing sections of a city track, a highway, and an Autobahn. For the trip, 
the vehicle was prepared to display an estimated remaining range of 100 kilometers. We chose the close 
total distance-remaining range ratio in order to elicit a stressful range situation (Eisel et al. 2014; Nastjuk 
and Kolbe 2015; Franke et al. 2012a). For the scenarios, the treatment differed in terms of the IS provided 
within the vehicle. In that regard, IS associated with geo IS and navigation and vehicle monitoring seem 
to be most useful for encountering range stress when driving an EV (Eisel and Schmidt 2014; Nastjuk and 
Kolbe 2015). The control group’s Volkswagen e-up! was standardly equipped, encompassing all related 
systems of both in-vehicle IS categories. In subsequent chapters, the group of the category geo IS and 
navigation is referred to as geo IS; vehicle monitoring, to monitoring; and the control group to control. 
Data-collection Procedure and Sampling 
The subjects were recruited via announcements at university lectures, direct acquisition, and social 
network announcements. To obtain a snowball sampling, we requested the initial participants to invite 
their friends and acquaintances to participate in the experiment (Biernacki and Waldorf 1981). The only 
necessary pre-condition for participation was the possession of a driver’s license. We pre-tested the 
scenarios and questionnaires by researchers in the field of IS and psychology before conducting the 
experiment. The pre-test interviews led to minor changes in terms of wording and experiment procedure. 
We conducted the experiments at the same time of day to avoid disturbances due to rush hour. Moreover, 
the experiments were conducted under normal weather conditions. We assigned participants randomly 
(Bhattacherjee 2012) to the three groups (geo IS, monitoring and control). Altogether, the study drew on a 
sample of 70 participants ranging from 22-53 years of age (M = 27.01, SD = 5.61), of which 42.29 percent 
were women. While 85.71 percent of the participants stated that their highest level of education completed 
was a university degree, 11.43 percent had obtained a general qualification for university entrance. 
Moreover, 42.86 percent of the sample stated that they own a car. 
Field Experiment Settings 
Before starting the experiment, the vehicle was prepared by the experimenter. The vehicle’s battery charge 
was adjusted to provide a displayed driving range of 100 kilometers for each participant. Furthermore, 
depending on the participant’s group affiliation, the vehicle was equipped with the respective information 
devices. Group 1 (geo IS) was provided a navigation system (maps+more), and a smartphone using the 
application Chargemap. This application provides a community-driven list of nearby public and semi-
public charging stations for electric vehicle drivers (ChargeMap 2016). Furthermore, to exclude the effect 
of IS related to the category vehicle monitoring, we hid all related devices that monitor and display range-
related information during the driving process (e.g., range gauge, information about the remaining range 
on the navigation system, consumer energy monitor).  
In contrast, group’s 2 vehicle (monitoring) was only equipped with the range gauge (analogue and digital) 
and further systems that monitor and display certain functionalities of the vehicle during the process of 
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driving, such as the consumer energy monitor and the eco-gauge that allows drivers to visually monitor 
how their driving style impacts energy consumption.  
After the vehicle was prepared, the participants received a brief introduction to using the EV. Afterward, 
participants performed a test drive (10 minutes) to become familiarized with the EV and to decrease 
arousal due to inexperience with EVs. Subsequently, participants received the task to drive the partly 
charged EV with an estimated range of 100 kilometers to a railway station 93 kilometers away, where the 
vehicle would be needed for further testing purposes. Moreover, participants were told that they would be 
driven back with another vehicle after reaching the final destination.  
The participants of group 2 were additionally provided with a physical road map to exclude any issues 
regarding navigation. The experimenter discussed the route to the destination and ensured that 
participants understood the designated route to drive. The experimenter then asked the participants to fill 
out a questionnaire with sociodemographic questions (e.g., age, gender, education) and further general 
questions concerning their experience with EVs and the IS within the vehicle, affinity for technology, 
attitude toward using the EV for the designated route, and current emotional condition. After clarifying all 
open questions, the experimenter sat down in the rear seat behind the driver to avoid unnatural driving 
behavior and then asked participants to start the actual driving task. From this moment on, 
communication between the experimenter and participant was prohibited.  
After driving 16 kilometers (approximately 20 minutes of driving, encompassing the city track, the 
highway, and part of the Autobahn route), participants were asked to pull over and park for an in-between 
evaluation. Participants were then asked to get out of the vehicle and to fill out a questionnaire about their 
cognitive assessment of the range situation, attitude toward using the EV, and manipulation check. 
Participants had to fill out the questionnaire outside the vehicle as the manipulation check included some 
questions about the provided IS. After filling out the questionnaire, the experiment ended, and 
participants were debriefed and asked to drive to the starting point. The experiments lasted an average of 
90 minutes for each participant, including introduction, test drive, and questionnaire. 
Measurement of Constructs 
We used the Primary Appraisal Secondary Appraisal (PASA) questionnaire (Gaab 2009; Gaab et al. 2005) 
to evaluate the perceived range stress situation in our experiment. The PASA questionnaire refers to the 
transactional stress model of Lazarus and Folkman (1984) and assesses two main cognitive appraisal 
processes (primary and secondary appraisal), each with two subscales. In that regard, primary appraisal is 
measured with the scales threat and challenge; secondary appraisal is assessed with the scales self-
concept of one’s abilities and locus of control. The 16-item PASA questionnaire is based on a 6-point 
Likert scale measuring all respective scales by four items each.  
We used five items on a 7-point Likert scale (Ajzen 2002) to measure attitudes toward using the EV for 
the trip to the railway station. As previous literature has indicated that attitudes toward using an EV are 
influenced by an affinity for technology and system experience (Eisel et al. 2014; Franke et al. 2012a; 
Nastjuk and Kolbe 2015; Rauh et al. 2014), we set the controls for this variable. Accordingly, affinity for 
technology was measured by five items on a 7-point Likert scale (Edison and Geissler 2003). System 
experience was measured by two items in terms of experience with EVs and experience with an in-electric 
vehicle IS on a 7-point Likert scale, which we adapted from a previous study by Nastjuk and Kolbe (2015).  
Participants also had to answer certain stimulation checks to test the success of manipulation (Perdue and 
Summers 1986). In that regard, respondents were asked several questions on a nominal scale (“yes” or 
“no”) concerning the IS in the vehicle, such as “Were you provided with a navigation system for the trip?” 
and “Were you provided with a digital and analogue range gauge for the trip?” If these questions were 
answered in the positive, participants were asked on a 7-point Likert scale to what extent the provided 
systems were useful for overcoming range-related concerns. 
Data Analysis and Results 
We used IBM SPSS Statistics 23 (IBM 2015) to check for group differences in the respective 
subdimensions of stress (H1-H4). Furthermore, we used variance-based-partial least squares structural 
equation modeling (PLS-SEM; Lohmoeller 1989) to examine the influence of perceived range stress on 
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attitudes (H5). PLS-SEM seemed especially useful as it requires fewer statistical constraints regarding 
distribution assumptions and sample size (Henseler et al. 2009; Reinartz et al. 2009). Moreover, PLS-
SEM enabled us to estimate a model with multiple variables at the same time by maximizing the 
explained variance of the latent endogenous variables (Barclay et al. 1995; Gefen et al. 2011; Urbach and 
Ahlemann 2010). To that purpose, we used the software SmartPLS 3 (Ringle et al. 2015). Following the 
widely adopted two-step approach for data analysis (Anderson and Gerbing 1988), we first evaluated the 
reliability and validity of the measurement constructs and then tested the structural model.  
Measurement Validation 
We first checked to see if participants correctly assigned the IS categories to their respective scenarios 
before starting the analysis. All participants did assign the provided in-vehicle IS to the respective 
scenarios correctly. Furthermore, all participants rated relatively high on the 7-point Likert scale 
concerning to what extent the provided systems were useful for overcoming range-related concerns (M = 
5.08). Hence, we assumed that participants perceived the manipulation and therefore considered all 
responses as suitable for further analysis.  
We examined content, convergent, and discriminant validities to evaluate the quality of the reflective 
constructs. In this regard, content validity is considered as given if the measurements of a construct 
represent its underlying social construct (Haynes et al. 1995). We derived our constructs and 
measurements from existing scales of previous studies and well-established theories. Therefore, we argue 
that content validity is given. Convergent validity refers to the extent to which the measures of a construct 
are in fact related (Bagozzi and Phillips 1991). To assess convergent validity, we examined individual 
indicator reliability, composite construct reliability (CR), and average variance extracted (AVE) (Fornell 
and Larcker 1981). After dropping two items from the challenge scale (factor loadings < .06), all items 
loaded on their supposed constructs at .06 or higher, indicating acceptable indicator reliability (Chin 
1998). Furthermore, while CR exceeds the acceptable limit of .07 (Hulland 1999), all AVEs vary above the 
suggested lower bound of .05 (Bhattacherjee and Premkumar 2004). To evaluate discriminant validity 
(the extent to which the operationalization of a construct differs from other constructs; Bagozzi and 
Phillips 1991), we assessed in more depth the indicator correlations and AVE (Gefen and Straub 2005). 
We assume that discriminant validity is given because each item loaded on its assigned construct higher 
than on other constructs (Chin 1998) and the square root of every AVE is larger than the corresponding 
construct correlation (Fornell and Larcker 1981). The results of are presented in Table 1.  
 
Table 1. Factor Loadings, CA, AVE, CR, and Inter-Construct Correlations 
Hypotheses Testing and Structural Model  
To test the influence of the respective in-vehicle IS on range stress perception and the subdimensions (H1-
H4), we decided to check for group differences. Following Gaab (2009), we operationalized range stress 
by subtracting the mean of the secondary appraisal’s subscales (self-concept and locus of control) from 
the mean of the primary appraisal’s subscales (threat and challenge).  
To choose the appropriate test for group differences, we first assessed the data for non-normality and 
homoscedasticity. Both the Kolmogorov-Smirnov test and Shapiro-Wilk W-test showed highly significant 
Construct Loadings CA AVE CR 1 2 3 4 5 6 7
1 Attitude .891-.948 .955 .848 .965 .921
2 Threat .654-896 .845 .688 .897 -.703 .830
3 Challenge .878-.893 .725 .784 .879 -.620 .742 .886
4 Locus of Control .874-.941 .935 .837 .954 .618 -.675 -.620 .915
5 Self-Concept .746-.889 .847 .687 .897 .658 -.738 -.683 .745 .829
6 Technical Affinity .768-.822 .830 .596 .880 -.364 .262 .355 -.292 -.357 .772
7 System Experience .772-.959 .719 .758 .861 -.320 .293 .242 -.233 -.238 .400 .871
VE: average variance extracted; CA: Cronbach's Alpha; CR: composite reliability; bolded numbers: square root of AVE
 Less is Sometimes More 
  
 Thirty Seventh International Conference on Information Systems, Dublin 2016 11 
results for the constructs challenge (p = .021/p = .005), locus of control (p < .001/p < .001), self-concept 
(p < .001/p = .002), and range stress (p = .001/p = .001). Since these results indicate that our data is non-
normally distributed, we used the non-parametric Levene’s test to evaluate the homogeneity of variances 
among groups (Nordstokke et al. 2011). This test showed significant results for the constructs threat (F = 
8.302; p = .001), locus of control (F = 5.458; p = .006), self-concept (F = 3.660; p = .031), and range 
stress (F = 5.468; p = .006), thus indicating heteroscedasticity.  
Since our data appears to be to a great extent non-normally distributed and heteroscedastic, we decided to 
apply the Kruskal-Wallis test to evaluate whether there are differences between the groups (McKight and 
Njab 2010). The groups differed significantly in the constructs threat (χ² (2) = 44.677; p < .001), 
challenge (χ² (2) = 23.769; p < .001), locus of control (χ² (2) = 35.147; p < .001), self-concept (χ² (2) = 
39.148; p < .001), and range stress (χ² (2) = 42.534; p < .001).  
Since the Kruskal-Wallis test reveals significant differences in all constructs, we used the non-parametric 
Mann-Whitney U test to analyze whether the groups came from the same population in the respective 
constructs (Nachar 2008). In addition, we calculated the approximate effect size to report the magnitude 
of the difference between the groups (Coe 2002). To this purpose, we divided the Z-score by the square 
root of the sample size (Field et al. 2013). Cohen (1992) proposes that effect sizes between .10 and .30 are 
small to medium, while those between .30 and .50 are medium to large. Due to multiple testings (3 
groups), we used a Bonferroni correction to reduce Type I errors (Rice 1989). In that regard, the critical 5 
percent level of significance was corrected to 0.017. The results of the Mann-Whitney U test and effect 
sizes are summarized in Tables 2-4.  
 Monitoring Control  Mann-Whitney U test 
Constructs MR  MR Δ MR U-statistics Z-score Sign. r 
Threat 13.06  35.43 -22.37 1.500 -5.696 <.001 .681 
Challenge 16.58  31.03 -14.45 89.500 -3.704 <.001 .443 
Locus of control 31.64  12.20 19.44 34.000 -4.955 <.001 .592 
Self-concept 31.72  12.10 19.62 32.000 -4.998 <.001 .597 
Range Stress 13.54  34.83 -21.29 13.500 -5.409 <.001 .647 
SD: standard deviation; Sign.: significance; r: effect size; MR: mean rank 
Table 2. Group comparison between Monitoring and Control 
 
 Geo IS Control Mann-Whitney U test 
Constructs MR  MR Δ MR U-statistics Z-score Sign. r 
Threat 13.00  33.50 -20.50 0.000 -5.733 <.001 .685 
Challenge 15.06  32.93 -17.87 51.500 -4.566 <.001 .546 
Locus of control 32.48  11.15 21.33 13.000 -5.443 <.001 .651 
Self-concept 32.60  11.00 21.60 10.000 -5.498 <.001 .657 
Range Stress 13.28  35.15 -21.87 7.000 -5.557 <.001 .664 
SD: standard deviation; Sign.: significance; r: effect size; MR: mean rank 
Table 3. Group comparison between Geo IS and Control 
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 Geo IS Monitoring Mann-Whitney U test 
Constructs MR  MR Δ MR U-statistics Z-score Sign. r 
Threat 21.06  29.94 -8.88 201.500 -2.168 .030 .259 
Challenge 22.50  28.50 -6.00 237.500 -1.465 .143 .175 
Locus of control 26.32  24.68 1.64 292.000, -0.401 .688 .048 
Self-concept 30.42  20.58 9.84 189.500 -2.400 .016 .287 
Range Stress 20.16  30.84 -10.68 179.000 -2.594 .009 .310 
SD: standard deviation; Sign.: significance; r: effect size; MR: mean rank 
Table 4. Group comparison between Geo IS and Monitoring 
Compared to the control group, the results show that the separate provision of both systems led to a 
decreased level of range stress perception. In that regard, we could find a significant difference for 
category monitoring in the primary appraisal subscales, threat (U = 1.500; p < .001) and challenge (U = 
89.500; p < .001), and a significant difference in the secondary appraisal subscales, locus of control (U = 
34.000; p < .001) and self-concept (U = 32.000; p < .001). Regarding the geo IS category, we could also 
find significant differences in the scales for threat (U = 0.000; p < .001), challenge (U = 51.500; p < .001), 
locus of control (U = 13.000; p < .001), and self-concept (U = 10.000; p < .001). Overall, participants 
perceived less range stress when separately provided systems of category monitoring (U = 13.500; p < 
.001) and geo IS (U = 7.000; p < .001).  
Concerning the group comparison between geo IS and monitoring, the results revealed a significant 
difference in the subscale for self-concept (U = 189.500; p = .016) and, adopting a 10 percent significance 
level (after Bonferroni correction, an actual significance level of p = .033), a significant difference in the 
threat scale (U = 201.500; p = .030). However, the results show that participants of the geo IS category 
perceived less range stress (U = 179.000; p = .009).  
To evaluate the structural path of the model (H5), the bootstrapping re-sampling procedure was applied 
with 5000 subsamples (Chin 1998; Hair et al. 2011). The results of the PLS regression are illustrated in 
Figure 2. 
 
Significance levels: *** p < .01; ** p < .05; *p < .10;  p < .05; n.s. = not significant 
Figure 2.  Path Coefficients of the Structural Model 
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We applied the indicator reuse approach (Lohmoeller 1989; Ringle et al. 2012) to operationalize range 
stress as a reflective second-order construct with the subdimensions of threat, challenge, locus of control, 
and self-concept in the structural model. Furthermore, as the control group’s vehicle encompasses both 
in-vehicle IS categories, we integrated the between-subjects factor as a dichotomous variable (degree of 
in-vehicle IS) with the categories “isolated in-vehicle IS” (encompassing participants of the group of geo 
IS and monitoring) and “combined in-vehicle IS” (encompassing participants of the control group). PLS 
regression analysis reveals a significant negative effect for the degree of in-vehicle IS (b = -.848, p < .01) 
on perceived range stress. Furthermore, while the analysis could reveal a significant negative effect of 
perceived range stress (b = -.681, p < .01) on attitudes toward using an EV, system experience (b = -.091, 
p > .10) and affinity for technology (b = -.089, p > .10) do not seem to have a significant effect on the 
attitude construct. Overall, the model explains 54.40 percent of the variance explained in the attitudes 
toward using an EV. According to Chin (1989), this result indicates an above-average explained variance.  
Discussion 
First, the results show that individuals perceived less psychological range stress when provided with 
information systems of the geo IS category compared to the control group. A closer look at the 
subdimensions of the stress process indicate that, systems of the geo IS category lead to a lower threat and 
challenge appraisal and to a higher perception of being in control over the critical range situation, as well 
as an increased perception in one’s own competencies to manage the situation. Both primary and 
secondary appraisal processes are strongly dependent on the information available about a situation and 
the perceived degree of uncertainty that an individual relates to the situation (Jerusalem and Schwarzer 
1992; Monat et al. 1972).  
We explain the differences in stress perception by the degree of information accuracy that the respective 
information systems provide. On the one hand, all related systems in the control group’s vehicle (geo IS 
and vehicle monitoring) provided the driver with relevant information about the critical range situation 
and therefore should have been able to reduce range related concerns. In this regard, previous research 
has suggested that the general provision of relevant information regarding the range leads to a better 
assessment of the critical range situation in comparison to the provision of no information (e.g., Eisel et 
al. 2014; Nastjuk and Kolbe 2015).  
On the other hand, the range gauge as a typical feature within the category of vehicle monitoring is 
considered to be highly volatile in electric vehicles and thus constitutes an additional source of 
uncertainty (Jung et al. 2015). Most drivers do not understand which factors do influence the calculation 
of the remaining range. This makes it nearly impossible to assess the actual range of the electric vehicle, 
thus leading to uncertainty about whether the destination is reachable within the remaining range or not. 
Furthermore, the range gauge constitutes one of the most important resources of information for the 
driver to assess the driving range of an electric vehicle (Wellings et al. 2011). It is also suggested that 
reliable and transparent information about the range for drivers of electric vehicles may be even more 
important to the driver than an increased maximal range (Nilsson 2011; Franke et al. 2012a). Ferreira et 
al. and Afonso (2014) state that an accurate range prediction leads to a higher range autonomy and is thus 
useful to mitigate range stress because the driver is able to better explore the energy capacity storage of 
the EV.  
As participants experienced a highly volatile range gauge due to, for example, variety in acceleration or 
elevations on the route, we conclude that participants perceived the range display to be unreliable. This is 
especially important as drivers tend to overestimate the actual range of electric vehicles (Birrell et al. 
2014). The resulting loss of trust (e.g., Lundstroem 2014) increases the perceived uncertainty about 
reaching the final destination within the remaining battery capacity and thus constituting the trip as more 
challenging and threatening. On a related note, Nastjuk and Kolbe (2015) emphasize that challenge and 
threat appraisals concerning the critical range situation are potentially provoked by the anticipated 
disadvantages due to a missing appointment or the concern of getting stranded in an uncomfortable 
situation (e.g., alone on an empty road).  
In contrast, a separate provision of systems from the geo IS category makes the driving task less 
challenging and threatening as the navigation system decreases uncertainty over, for example, the risk of 
losing one’s way to the final destination. Moreover, the displayed information regarding local charging 
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possibilities enables the individuals to detect alternative actions in critical range situations, thus 
strengthening their own abilities to realize solutions in case of range problems. In that regard, Nilsson 
(2011) states that electric vehicle drivers feel more confident when enough charging opportunities are 
displayed on the navigation system. In addition, drivers equipped with systems of the geo IS category 
were not permanently confronted with the remaining range, thus creating a lower awareness about the 
potential critical range situation. While a navigation device helps the driver to locate nearby charging 
stations and thus contributes to the driver’s ability to counteract critical range situations, a range gauge 
increases the driver’s perceived inability to predict the actual remaining range due to the gauge’s high 
volatility, thus not supporting the driver’s self-concept of his or her own abilities.  
According to Gulian (1989), driver stress occurs in situations in which the driver has only limited control. 
On a related note, Fuller (2005) states that the more difficult a driving task becomes the more the driver 
perceives that s/he may lose control over the driving task. Due to proposed alternative navigation options 
to local charging stations or further points of interests, the perception of being in control over the critical 
range situation rises. In contrast, if the range display does not provide alternative fallback procedures 
when it comes to an uncomfortable situation, this triggers, as mentioned above, the driver’s awareness 
about a critical range situation. Moreover, research has found that drivers spend on average 4.3 percent of 
their time checking the information systems provided within vehicles (Birrell and Fowkes 2014). We 
assume that drivers spend more time checking the range gauge since they are not familiarized with highly 
volatile range feedback. This monitoring activity imposes an additional cognitive load on the driver as it 
relies on valuable resources that the driver needs for the actual driving task (Baumann et al. 2008). This 
might lead to driver distraction and hence increase the risk of having an accident (Bruyas et al. 2008; 
Pettitt et al. 2005). However, the experience of such distractions may lead to a perceived loss of control 
over the situation and thus weaken the locus of control.  
Focusing on the differences in stress perception between the control group and the vehicle monitoring 
group, another intriguing finding in our study was that drivers also perceived more psychological range 
stress when provided systems from both categories. This was actually surprising as we expected that the 
additional provision of a navigation device and a display of local charging stations would alleviate range-
related concerns.  
As discussed above, the range gauge is highly volatile, so the driver is not able to predict the actual range 
of the electric vehicle. Thus, we assume that the participants paid more attention to the range display than 
to the systems of geo IS. Existing research discusses a widely observed phenomenon in which individuals 
feel stressed when interacting with information and communication technologies. Referred to as 
‘technostress’, it is defined by Weil and Rosen (1997) as “any negative impact on attitudes, thoughts, 
behaviors, or body physiology that is caused either directly or indirectly by technology.” One main 
reason why individuals perceive stress from interactions with information and communication 
technologies is the risk of information overload (Ragu-Nathan et al. 2008). Transferred to our research 
context, participants of the control group were exposed simultaneously to multiple information streams. 
According to Hollnagel et al. (2003), a variety of semi- and fully automated systems within the vehicle 
forces the driver to pay attention to several tasks at the same time and to hence compete with these 
systems. Meanwhile, interacting with the in-vehicle IS substantially accounts for information overload in 
the driver as it draws on the same cognitive capacity as the driving task itself (Bach et al. 2009). Regan et 
al. (2009) point out that redundant information inside the vehicle has the especial potential to distract, 
confuse, and overload the driver. Translating this statement to fit our context, the volatile information 
provided by the range gauge was redundant for the driver and thus represented a potential source of 
confusion, distraction, and overload that might additionally reinforce the perception of range stress.  
In summary, our results indicate that participants equipped with systems of the geo IS category perceived 
less range stress than participants equipped with systems of the vehicle monitoring category. Supporting 
our assumptions, participants of the vehicle monitoring category rated significantly higher in the stress 
subscale threat and lower in the subscale self-concept compared to participants of geo IS category. 
However, we did not find a significant difference in the subscales for challenge and locus of control, but 
participants overall perceived less range stress when provided with systems from the geo IS category. As 
discussed earlier, this effect can be explained by the degree of information accuracy that the respective 
information systems encompass. 
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Regarding the influence of range stress on the attitude, our findings clearly reflected that perceived range 
stress led to a decreased propensity of participants to use the electric vehicle for a certain route. We 
explain this relationship with the affective dimension of the attitude construct. According to Ajzen (2005), 
the affective component of the attitude construct refers to the individual’s emotions and feelings. Stress is 
considered a subset of emotions as it usually arises from negative emotions such as fear, anger, or anxiety 
(Lazarus (1993; 2006). We conclude that the drivers connected the critical range situation with adverse 
emotions, thus transferring a state of feeling to the affective dimension of the attitude construct. However, 
although previous research studies suggest that the driver’s perception of electric vehicles is dependent on 
experience and affinity for technology (e.g., Egbue and Long 2012; Jensen et al. 2013; Plötz et al. 2014), 
we could not find a significant effect of both factors on the driver’s attitude toward using an electric 
vehicle. One possible explanation could be a low variance within the constructs, e.g., participants had on 
average a high affinity for technology. Since these aspects were not the focus of our research, we suggest 
that this relationship be investigated in detail in further studies. 
Our study makes several contributions to research and business practices. First, we have proposed a 
research model that enables researchers to investigate the impact of in-vehicle IS on perceived range 
stress and on the attitudes of drivers toward using electric vehicles. Our results show evidence that the 
provision of too much in-vehicle IS might have counterproductive effects on stress perception. In 
addition, the results of our study indicate that a range gauge elicits range stress in the driver whereas a 
navigation device has a calming effect in critical range situations. This is especially important for 
practitioners as the appropriate provision of information to the driver may decrease range stress 
perception and thus contribute to a higher dissemination of electric vehicles. In that regard, the attitude 
construct should be considered as strongly related to intention to perform a specific behavior and the 
actual behavior (Ajzen 1991; Conner and Armitage 1996). Moreover, driver stress is considered to be one 
key factor contributing to the risk of accidents (Hollnagel et al. 2003; Horberry et al. 2006; Matthews et 
al. 1998).  
However, the following limitations should be considered when interpreting the results of this study. First, 
experiments in a natural setting often suffer from a low controllability of external factors, such as the 
behavior of other traffic participants (Harrison and List 2004). Although we tried to minimize these 
effects by, for example, conducting the field tests at the same time of day, we suggest that further 
investigations into the impact of in-vehicle IS on range stress perception use a controlled environment 
with, for example, driving simulator experiments (e.g., Srinivasan and Jovanis 1997). Moreover, our study 
was based on a specific scenario, using an electric vehicle with a specific in-vehicle IS. We suggest 
validating our proposed research model by using different scenarios with different electric vehicles and in-
vehicle IS. In addition, we have approached the research question from a psychological stress perspective. 
Future research studies should also consider physiological stress measures, such as salivary cortisol levels 
or skin conductance (Collins et al. 1981; Riedl 2013; Van Eck et al. 1996). The driver’s glance behavior 
may also be studied to investigate which IS category is focused on by the driver (e.g., Smith et al. 2005).  
Conclusion 
This study investigates the influence of two main in-vehicle IS categories on perceived range stress in EVs 
and on the willingness to use such sustainable methods of personal transportation. Thus, we conducted an 
experiment with 70 participants driving a predefined route with an EV under real traffic conditions. Based 
on the popular transactional model of Lazarus and Folkman (1984), we developed a comprehensive 
research model. The results show evidence that that the provision of volatile and too much range-related 
information leads to an increased range stress appraisal. Moreover, the results show that the attitude 
toward using EVs decreases when a higher level of range stress is experienced. The study contributes to 
research and practitioners in the field of human behavior, IS, and EVs.  
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